This paper evaluates the performance of two methods of spectrum sensing: the linear combining method and the selection combining method which is based on maximum SNR of sensing channel. We proposed a rule for global detection for the purpose of combating hidden terminal problems in spectrum sensing. Our analysis considers a situation when sensing channels experience the non-identically, independently distributed(n.i.d) Rayleigh fading. The average probabilities of global detection in these methods are derived and compared. In the scope of this paper, the reporting channels are assumed to be the AWGN channel with invariant and identical gain during the system's operation. 
Ⅰ. Introduction
Because free frequency band, new wireless communication technology must be more significantly effective than the existing licensed system in terms of spectrum usage. Recently, cognitive radio has been emerging as the key technology which is able to satisfy the strict requirements of spectrum efficiency [1] . This kind of system works as a secondary user(SU) system to enable the coexistence with licensed users or primary users. Thus, a sensing technique is required in order to allow secondary user to be aware of PU in order to avoid harmful interference. Due to multipath fading, vicinity and shadowing, detection operation is not always reliable [2] .
Consequently, a cooperative model of sensing has been proposed as a method that can reduce error in making final decisions [3] . Detection operation is normally implemented in two successive stages: sensing and reporting. In the sensing stage, every SU carries out spectrum sensing individually. Then, in the reporting stage, observations of local sensing are reported to a common receiver (or fusion center) for making global decisions to determine whether PU is present or absent.
There are several techniques on which cooperative spectrum sensing is based such as: linear combining [4] , cluster division [5] , and relay selection [6] . In [5] , the reporting channel experiences Rayleigh fading, and the most favorable user with the largest reporting channel gain is selected to collect the results from other users. The selected users have two functions: collecting observation signals from local and then making binary decisions to forward to a common receiver. In [6] , the relay selection method has been investigated in the environment of i.i.d probability distribution of Rayleigh fading. In the scenario of high SNRs fusion, [4] uses the linear combining method to optimize the performance of detection.
Relying on the model of [4] and [6] , this paper considers two cooperative sensing techniques: 1) linear combining local soft-decision, 2) and secondary users selection combining based on a maximum sensing channel SNR in the environment of n.i.d Rayleigh fading. Hence, the probability density function(pdf) of the linear combining signal and SU selection methods are needed for calculation in a situation when this kind of fading occurs. We then propose a method to prevent the incorrect decision from hidden terminal problem which is normally caused by multipath fading, shadowing and vicinity.
Part Ⅱ of this paper gives the theoretical derivation for the analysis of spectrum sensing performance in the two mentioned cases and then demonstrates the proposed rule of detection. Part Ⅲ presents the Conclusion. Appendices A, B, C support part Ⅱ.
Ⅱ. Theory 2-1 System Model
The system(Method I in this paper) has been des-cribed by [4] in which the linear combining technique is employed (Fig. 1 ) in a condition of the high fusion SNR. In this paper, the sensing channel is a slow n.i.d Rayleigh fading channel with.
In [4] s can be neglected in comparison with gain of the reporting channel i g , the sensing channel SNR at each SU is much smaller than unit (rSi≪1) [4] . In this paper, the channel gain i g is invariant and identical for all reporting channels (
) and is significantly larger than the reporting channel noise. Because the paper considers the situation of a slow flat fading sensing channel, the channel gain of each channel is not changed during each period of energy detection. Thus, the combining signal, and then its probability of detection can be obtained from [4] as showed in (1) 
We assume the system is the high SNR fusion [4] , hence: 
and threshold of detection is ( ) ( ) 
Being more convenient in our analysis, we rewrite the average and variance of each received signal yi at fusion center in the short forms as the below description: 
Unlike Method I, Method II uses the technique of SU selection based on the best SNR sensing channel. Rather than combining observations from all SUs, the fusion center chooses the SU that possesses the best SNR of the sensing channel to dispatch its soft-decision. Hence, the probability of detection in this case is the special case of (1) when N=1, ωi=1. The statistics of the received signal for this case are showed in (8) where î denotes as selected SU: 
The probability of detection for Method Ⅱ(maximum SNR based selection method) is a special case of (2). Hence, we can achieve:
with the threshold of detection as ( ) 
2-2 Proposed Detection Rule
From (1) and (8), we have
Hence, we achieve:
The region of the detection rule is described in Table   1 . The signal ∥w∥ indicates the distance between the combining signal z Ⅰ and the selecting signal z Ⅱ . Whenever z Ⅰ is below its threshold λ Ⅰ , the fusion center checks the difference between two kinds of the received signals.
If the difference in this case is smaller than a given ε P , there is a decision of '0' which presents the state of no PU user being made. In the case that is affected by hidden terminal phenomenon, PU is still on active while the final decision is '0', which denotes the absence of PU. Thus, in this case, the fusion center's detection is a miss detection. Otherwise, if there is really no PU on active(H 0 ), this decision is true to denote the available channel for SUs to use. The abandoned region is reserved for censoring uncertainty related effects. From appendix C, we obtain the joint pdf of the pair of random variables (zⅠ, w), as showed in (13) 
From appendix C, we have the correlation coefficient of two variables (zⅠ, w):
The correlation matrix of y is { } ,0
:
From (8), we can induce the correlation matrix for each SU as showed in (17), (18) and derive the value of correlation coefficient: 
The equation (19) permits us to conclude that these random variables (zⅠ, w) are independent.
The threshold λⅠ has been identified in (3). Threshold εP is selected in the requirement of a given probability of correct decision of PU absence state (Table  1) . Hence, ( 
Using the same calculation as (2) which is described concretely in [4] , we can induce the probability as presented in (22):
,0 ,0 
Under our assumption of a high SNR fusion condition as mentioned, we can make the following approximation ( ) 
Miss detection probability is identified as (24): 
2-3 Average Probability of Detection
For calculating the average probability of detection, from (2), we need to derive the pdf of factor 
For a special case when ω1=…=ωN=ω for all i=1, …,N and N≥2:
In Method Ⅱ, based on the analysis in Appendix B, the pdf of the selection method described in (7) can be derived as showed in (28). 
2-4 Analytical Results
By Method I, the average value of detection probability, and miss detection probability in combining technique is evaluated by (29), (30). The miss detection in Method Ⅱ is calculated in the same way as (30).
From Table 1 , we can easily see that for the proposed scheme of detection, the probability of detection does not depend on the selection method(Method Ⅱ). Thus, the proposed method has the same detection probability value as the described linear combining method(Method I). However, its miss detection probability is different from Method I and. By (20), (22) and (30), it can be described as the following:
The analytical results will demonstrate the performance of three methods in cases of n.i.d environment (Table  2) , i.i.d fading environment with different number of users (Table 3) 15] dB). The reporting channel gain is set at 30 dB. In addition, the number of samples taken for energy detection is 600. Fig. 3 . demonstrates the performance of global detection when the number of SUs is kept constant at value of N=4 and the condition of fading is n.i.d fading. From this plot, we can see that in the SNR2 set, the selection method is better than the other two methods(the linear combining and proposed methods). Meanwhile, it is worse (than the others) in condition of the SNR1 set. We also noted that the probability of detection in the proposed scheme is the same as the combining method. Fig. 3 . Average probability of detection vs false alarm probability when N=4, n.i.d fading with two SNR sets described in Table 2 . Fig. 4 provides us the performance when fusion misses PU detection. This shows that there are few differences between the proposed scheme and the others in terms of preventing miss detection under n.i.d fading environment, in the SNR1 set. It probably depends on the SNR set that we choose to survey. Fig. 5～7 investigate the cases of i.i.d environment. Within the same number of users(N=8 in this case) but at a different average SNR value of Rayleigh fading, Fig. 5 shows that the detection performance of Method I and the proposed method is better than the selection Fig. 4 . Probability of miss detection vs. false alarm probability when N=4 and under n.i.d Rayleigh fading with set of SNR1 described in Table 2 . method. In additions, when SNRs of sensing channel are better, the detection performance is enhanced. We can see that detection probabilities in Figs. 3 and 5 are at high value even at the low sensing channel SNR. This result comes mainly from the large number of samples in our simulation parameters. Furthermore, due to the fact that the proposed scheme is still in line with the linear combining method, the detection performance is still able to exploits the diversity gain of this method. On other hand, in Fig. 6 , there is also a reduction of miss detection when the proposed method instead of the combining method is used. Fig. 7 shows a survey for the case that the number of SUs is changed in the same condition as average SNR. As we can see when the number of SUs increases, the probability of miss detection decreases and therefore the proposed scheme eliminate miss detection better than the linear combining scheme.
Ⅲ. Conclusion
In summary, this paper has considered a cooperative scheme where linear combining and the best SU selection are used for global detection in the condition of n.i.d fading environment. The paper then proposes a detection rule to eliminate miss detection. The proposed scheme has showed that it can reduce miss detection while keeping the same reliability of determining the absence state of PU(within given β) in condition of i.i.d Ray 
For the special case when 1 ..
Appendix B
Considering we have a vector of RVs x which is identified such that:
[ ] 
Hence, this yields ( ) 
